Background: Bipolar hemiarthroplasty for unstable intertrochanteric fractures in elderly patients is a viable option that can prevent the complications of an open reduction, such as nonunion and metal failure. This study evaluated the clinicoradiological
Intertrochanteric fractures with severe displacement or com minution are common in elderly patients with poor bone quality and are often associated with complica tions, such as nonunion, metal failure and femoral head per foration. 1, 2) Hemiarthroplasty, which allows rapid rehabilitation is performed as an alternative to oste osynthesis in elderly patients with unstable intertrochanteric fractures. 3, 4) There is some controversy regarding the use of cement for the fixation of femoral implants. Cemented fixation is advantageous for enhancing the initial fixation strength in aged patients with poor bone quality, 5) whereas cementless fixation facilitates biological fixation and can avoid cardiovascular toxicity. 6) Some studies reported positive outcomes of arthroplasty using cementless implants in elderly patients with an improvement of the implant design, material and insertion technique. 4, 7) This study evaluated the clinical and radiological outcomes of bipolar hemiarthroplasty in patients over 70-year-old with unstable intertrochanteric fractures. In all cases, cylindrical extensively porous-coated implants, which were designed to be fixed to the proximal and isthmic areas, were used considering the lack of good bony support in the proximal portion. 
METHODS

Materials
Cementless bipolar hemiarthroplasty using the anatomic medullary locking (AML) femoral stem (Depuy, Warsaw, IN, USA) was performed on forty-five patients with intertrochanteric fractures, aged 70 and over, and were able to walk either with or without an aid prior to surgery at our institution between January 2000 and December 2005. Of these patients, 40 patients who could be followed up for ≥ 2 years were included in this study. The patients had unstable fractures according to the Evans classification. The surgical indications were severe osteoporosis (≤ grade 3 Singh index 8) ) and comminution of the medial cortical bone (A2 according to the AO classification), which are associated with high rates of internal fixation failure.
Their mean age was 78.8 (range, 70 to 95 years). There were 32 females (80%) and 8 males (20%). The mean follow-up period was 40.5 months (range, 24 to 62 months). The mean time from fracture to surgery was 7 days. Surgery was performed within 1 week after injury in 35 patients (87.5%). Thirty-four patients (85%) had combined diseases: 18 patients (45%) had hypertension and the remaining patients had diabetes, cardiovascular diseases, cerebrovascular diseases, and lung diseases (Table 1) .
Surgical Technique and Postoperative Treatment
Surgery was performed by the first author in all cases.
Under general or spinal anesthesia, a cementless AML 5/8 porous-coated femoral stem (Depuy) was inserted using the anterolateral approach. A bipolar cup and a 28 mm femoral head (Depuy) were used in all patients. Proximal fixation of the implant was reinforced with the additional fixation of trochanteric fragments around the proximal stem. Wires or nonabsorbable sutures were used for fixation depending on the size of the fragment.
Quadriceps femoris muscle strengthening exercises were started from one day after surgery. In all patients, partial weight bearing with crutch walking and full weight bearing was started at 1 week and within 3 months after surgery, respectively. Postoperative occurrence of an embolism was confirmed in the patients presenting with chest pain or shortness of breath using blood tests including arterial blood gas analysis and chest computed tomography.
Clinical Assessment
The Harris hip scores 9) at the last follow-up were classified into four categories; excellent (90 to 100), good (80 to 89), fair (70 to 79), and poor (60 to 69). The level of pain in the groin and thigh after surgery was divided into 3 grades; mild, moderate, and severe. The changes in walking ability from before to after surgery were investigated. The activities of daily living 10) were graded into 4 categories; excellent (no pain or limitation of movement), good (slight pain or limitation of movement not interfering with walking and personal hygiene), fair (moderate pain or limitation of movement requiring assistance in walking), and poor (severe pain, limitation of movement or poor general condition that made walking impossible).
Radiological Assessment
The initial fixation of the femoral stem was assessed in the proximal and isthmic areas on the radiographs taken immediately after surgery. The proximal canal fit was rated good if the stem filled the proximal canal by more than 80%, and the press fit at the isthmus level was considered good when a gap of < 1 mm was noted between the stem and inner cortex. 11, 12) The femoral stem stability was classified into fixation by bone ingrowth, stable fibrous fixation, and unstable prosthesis according to the criteria of Engh et al. 13, 14) The changes in the alignment and subsidence of the femoral components were measured from after surgery to the last follow-up; ≥ 3° of valgus or varus and ≥ 5 mm longitudinal change were considered significant. 3, 10) The radiolucent line, bone resorption, endosteal new bone formation and osteolysis were examined in the seven zones described by Gruen et al. 15) A radiolucent line denoted the radiolucent area around the stem surrounded by radiodense lines, and was considered present if it occupied ≥ 50% of any zone. 16) Loosening of the femoral stem was defined as the appearance of a radiolucent line progressive or > 1 mm in all zones, or the presence of continuous subsidence or migration of the femoral stem.
RESULTS
The mean Harris hip score at the last follow-up was 80.6 ± 9.3. Better than fair results were obtained in 27 patients (67.5%); excellent in 8 (20.0%), good in 19 (47.5%), fair in 9 (22.5%), and poor in 4 (10.0%). Groin pain and thigh pain were noted in 7 patients (17.5%) and 5 patients (12.5%), respectively, but significant pain requiring medication was noted in one patient in each area (2.5%).
Of the 40 patients, 11 (27.5%) and 29 (72.5%) patients could walk with and without support before surgery, respectively. Of the 29 patients, 17 could still walk without support after surgery, but 11 required assistance and one was unable to walk. Of the 11 patients who could walk with support before surgery, six showed no difference after surgery, four patients who had used a cane before surgery became more dependent on walking aids and one could not walk due to a poor general condition after surgery. Overall, 24 (60%) out of 40 patients regained their preoperative walking ability (Table 2) . Twenty-three patients (57.5%) could carry out their daily living activities and personal hygiene after surgery; 6 (15.0%), 17 (42.5%), 13 (32.5%), and 4 (10%) patients had excellent, good, fair and poor results, respectively.
According to the radiological findings, a press-fit was achieved either at the proximal area or the isthumus in all patients; the proximal canal fit, the press fit at the isthmus and both were achieved in 18 (45%), 12 (30%) and 10 (25%) patients, respectively (Fig. 1) . The stability of the femoral stem at the last follow-up according to the criteria of Engh et al. 13, 14) was fixation by bone ingrowth in 23 patients (57.5%) and stable fibrous fixation in 17 patients (42.5%); there were no unstable prostheses. A radiolucent line was observed in five patients (12.5%) and mainly in Gruen zones 1 and 7; in zone 1 in three patients (7.5%) and in zone 7 in four patients (10%) ( Table  3) . Endosteal new bone formation was observed in 15 patients (37.5%), mainly in Gruen zones 2, 3, 4, 5, and 6: two (5%), seven (17.5%), twelve (30%), nine (22.5%), nine (22.5%), six (15%), and one patient (2.5%) in zones 1, 2, 3, 4, 5, 6, and 7, respectively (Table 3) . Bone resorption was noted in 23 patients (57.5%) and mostly in Gruen zones 
DISCUSSION
Unstable intertrochanteric fractures in elderly patients with osteoporosis are characterized by severe comminution and displacement. Anatomic reduction of the fractures is difficult to achieve and maintain, often leading to malunion or reduction failure. 2) In addition, postoperative early ambulation may not be feasible, and the rates of postoperative complications and mortality are high due to combined disorders. Accordingly, postoperative early ambulation and rehabilitation should be taken into account when considering treatment options, and hemiarthroplasty is regarded as one of the most effective primary treatment methods for unstable intertrochanteric fractures. 3, 4, 17, 18) Cemented fixation is advantageous for achieving initial implant stability and rapid rehabilitation in cases of unstable fractures with poor bone quality. 17, 19, 20) Cementless implants can be used to prevent cement-related problems, but implant migration due to bone ingrowth failure, thigh pain and bone resorption as a result of increased stiffness can be problematic. 21, 22) There are recent reports showing that implant migration can be avoided by promoting the osteointegration of cementless femoral components. 21, 23) In particular, the osteointegration rates are high even in elderly patients with osteoporosis and there has been no increase in the implant failure rates. 7, 22) In the current study, initial press-fit fixation was achieved in all patients either at the proximal canal or isthmus, and fixation by bone ingrowth or fibrous stable fixation were observed after a more than two year follow-up, even though 1 mm, 2 mm, and 3 mm subsidence were observed in 10, 6, and 5 patients at the 1st postoperative year. This indicates that the osteointegration rate in the diaphysis can be high in osteoporotic elderly patients with a Singh index less than grade 3 after the insertion of AML implants. Therefore, the use of cementless implants can lead to satisfactory results, even in elderly patients with osteoporosis. There were no postoperative complications, such as femoral stem loosening, significant alignment changes and progressive subsidence. Kang et al. 11) reported that the loss of bone density in the proximal femur after arthroplasty using AML implants was not associated with the clinical symptoms, even though it occurred at a significant level in zone 7. In this study, bone resorption was observed primarily in the proximal area, such as zones 1, 2, and 7, but this did not lead to a fracture or loosening during the follow-up period.
Early ambulation within 2 to 3 weeks after surgery is important for preventing complications that can be caused by long-term bed rest in elderly patients with a poor general condition and combined diseases. 24) The achievement of initial press-fit fixation is essential for early ambulation and rehabilitation. In one study, hemiarthroplasty produced better postoperative results than internal fixation in terms of limping and the use of a walking aid in patients with limited walking ability before surgery. 18) Considering that press-fit fixation in the proximal femur is difficult to achieve in elderly patients with unstable fractures, the use of a cylindrical implant that can be fixed to the isthmus or diaphysis can be Values are presented as number (%).
helpful. The AML implant is effective in improving the initial rotational stability owing to its broad triangular shape in the proximal portion. In addition, it can provide initial and late stability 25) owing to the cylindrical shape in the middle, which is congruent with the shape of the femoral diaphysis making isthmic level or diaphyseal fixation possible regardless of the Dorr type. 26) In this study, initial press-fit fixation was achieved in the isthmus in 12 patients (30%) in whom proximal fixation was not possible. The prevention of complications associated with long bed rest or those requiring intensive treatments, such as fat thrombosis or lung embolism, was attributed to the achievement of initial press-fit fixation, the initiation of quadriceps femoris muscle exercise and wheel chair ambulation immediately after surgery, and walking exercise at 1 week after surgery.
The functional outcomes after hemiarthroplasty tend to worsen over time due to the decrease in activity caused by the aggravation of preexisting diseases. 4) In this study, the postoperative walking ability became worse compared to the preoperative one in 16 (40%) of the 40 patients. This was attributed to muscle weakness and a decrease in balancing ability during the postoperative period, which are common in elderly patients. The overall postoperative functional recovery was satisfactory, because all patients could walk with or without support except for two; one patient with worsening cerebrovascular disease and the other with a poor general condition. Similarly, twenty-three patients (57.5%) could carry out their daily activities without assistance, such as walking and washing.
Ambulation became worse due to pain in 2 patients but there were no abnormal findings, such as implant loosening or ≥ 2 cm lower limb-length discrepancy.
Cemented fixation is associated with the highest death rate in arthroplasty patients, 27) which can be a concern for elderly patients in whom combined diseases and poor general condition are common. A short-term follow-up study showed that bipolar hemiarthropasty using a tapered femoral stem for displaced femoral neck fractures in more than 70-years-old patients produced clinically and radiologically satisfactory outcomes. 28) In this study, cementless fixation of cylindrical implants for the treatment of intertrochanteric fractures resulted in satisfactory results due to the avoidance of cement toxicity and the sufficient initial fixation strength provided by the press-fit fixation at either the proximal or isthmic levels. Accordingly, the patients could achieve early ambulation and rehabilitation, and the stability could be secured with endosteal new bone formation postoperatively.
The short-term results of cementless bipolar hemi arthroplasty in elderly patients with unstable intertrochanteric fractures demonstrated satisfactory results. These results are expected to be useful for further studies with a long-term follow-up.
